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ABSTRACT

An intercenter task force has reviewed the "Lunar
Mission Launch Flexibility." This memorandum records the
second repert of this group to the MSF Program Review on
Jarmary 24, 1967, ‘

Enphasis for the task force effort has been on the
features of the lunar mission which are different from earth
orbital missions and which therefore will be new to the Apollo
organization, Among these features are the dynamic character of
the mission trajectory depending on the day of launch and the
inflexible nature of the launch opportunities, To accommodate
the lunar mission situation, (1) training and other mission
preparations are to be done using data for typical lunar missions,
and (2) the system response time for targeting each new mission is
receiving special attention., Two months has been established as
the minimum interval from the time that the launch mcnth and lunar
landing site(s) are identified until the launch can ocecur,

The currently planned system capability appears
consistent with the expected sequence of launch opportunities
for the first lunar landing mission.
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SusiT:  Syster 7Hold and Recycle Capability DATE: February 27, 1967
Tor the First Lunar Landing Mission -
Part II, Case 310 FroM: R, L, Wagner

MEMORANDUM FOR FILE

I. INTRODUCTION

is memorandum is a record of the material presented
at the MSF Review of January 2&, 1867, under the title "Lunar
¥ission Launch Flcz*u*litv.” The presentation represented the
second report by an intercenter task force which was charged with
reviewing the plans and capadbility of the Apollo system for

conducting the first lunar lanolnv mission, The task force review
was parvicularly concerned with the sequence of mission opportu-
nities and the total system capability for accommodating various
kinds of launch delays,

The first task Tforce report* was at the MSF Review of
November 22, 1967. It outlinedthe expected sequence of mission
ooon”uuu¢u1bs the mission preparations leading up to the firsh
lau. ¢ch oaporubnltv and The specific plans to cover leos in the
laur.zn from one opportunity to a following opportunity. The
presantation recorded vy this memorandum was concern d witn
ansvering a number of specific questions which remsined af
eniw of' the earlier presentation (on November 22, 1966).
IZ. CONCLUSION
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The seguence of launch opportunities for the first Lanar
landing mission has been outiined based on the constraints 7T
that mission. This sequence i1s descrived in terms of the Lbagcn
of the launch windows and intervals beSween launch OOOU;hdﬂiuieo,
however, specific dates are not included. The seguence of launch
opyo;uunlties 1s a resultant of the mission constraints and there-
Tore not unique; nhowever the effect of persuroing COﬂSt;&luuS nas
been investigated and no serious consecuences areloreseen as

k3

(=)
result of any antilcipated changes in constraints.

The system capability, as presently known and planned,
1s coipativle w+un the expected pabtern of mission opportunities.
Certain new capavllity is nignlighted as recuired for the lunar
missions and continued program attentilon should be given to the
development or ©hils capavility.
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The presentalion out’ine 1s shown on Vier:graph 7. The
four sections are descrited be 9w and the viewgra, .53 associated
with each sectlon are identif:i ..

1. Introduction (to the J. :ary 24 presentat’...)

The introduction contained a short review of the
oresentation of November 22, including the outline
Viewgrapn 1) and selected rlgnlights (Viewgraph 2 - O6).
Viewgraph 2 shows the Oanc“pal constraints which
determine the launch opportunities. An important
congideration 1s That the mission planning impact is
nearly the same, whether the launch date alone is changed
or the lunar 1anding site 1s changed as well. Preparing
for a number of landing sites nas a "one time" cost in
lunar surface data analysis and mep making, however, a
change in launch date will ugset all of the computer
constants which are mission dependent and no two launch
dates are served by the same set of constants.

Another important point with respect to Viewgraph 2
is the indication of "preferences" which are desirable put

not mandatory. To s 1a¢be degree these preferences can be

"S

favored by the distribubion of the lunar laﬁown” sites and
studies have been done to determine the rela ﬂships tetween
lunar landing site position and mission pqoraCue istiecs, It
appears that the lunar surface is conslderabvly poorer in sone
o the desirable locatlions than in others and, therefore, is
likely to seriously influence the final c“st”ibution or
sites, 1.e., mission preferences may be allowed to iniluence

sive selection but not completely control it.

Viewgrapn 3 shows a sketch of the pattern of launc

windo WS/lauuCﬂ opportunities with time intervals indicated.
This pattern 1s not uniquely defined by physical con traints,
but re owesents a Tocus which seems reasonable in view of all
consideratcions. The defining of the series of launch coppor-
tunitles 1s vital To a detalled review of system capability,
and also to the speciflc planning for the first lunar
lancding mission.

Systenm cepabllity was evaluated using the system block
diagrem of Viewgraph 4 and the findings as of November 22
gre snown on Viewgraph 5. With respect to the need Tor
mission dependent data, strong emphasis was put on vredering
the system using "typical® mission data which is represen-
tetive of the famlily of lunar landing missions. The "zctual”
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mlssion deta 1s for the specific launch day and associated
lunar landing si~e. All constraints and important venicle
parameters are The same for both sels of data. The purpose
of using typical Qaua is primarily that the commitment to

a sSpec

.l.J..A

¢ landing si

te and launch date

conlidence at the time that

required.

Viewgraph 6 contains program recuirements

advisable as of November 22
injection) was removed from

the mission

Ca“ﬂOb he done with
data are first

which zpoeared

_The third one (Pacific Ocean

he 1list as of January 24,

because

iunar surface data obtained from Orbiter photographs indi-
cated that there were no acceptadle sites in certain reglions
vihiere silves were desired. The inclination to favor Pacific
Ocean injectlons 1s based on the high incidence of daylight
launches; the capability To do 1T depends on Iinding landing
sites in essentially two parallel strings, one ncrth of the
equator and one socuth. Based on Tthe data from Orbpiters I and

IT, 1t appears
ciently far ncrth in

Mission Delini

tion and Prevparation

The five ltems covered in this

sectlon are

Viewgraph 8 and briefly discussed below:

Lighting Constraints at

L KRN L TAar
dairt

- P |

o)
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The 11
more

of mission opportunities,

lghting constralnt
influential consbtraints

oy n

ne L

every 29.5 days for a glveﬂ landing

cadence of any pattern of
lighting considerations.

opportunities is so directly arf

launch opporuu“¢b¢es sev

that landing sites may not be founda suffi-
the western halfl of

Tthe Apollo zone.

-

Listed on

ding is one or the
lﬂlu” the Oaute“n
ng

te and bﬂLb is the
by

Since the sequence of launch

feclted

2

the validity orf

the current constraint (that the sun be between 7° and
20° above the eastern horizon) is rather continuously
under review.

Viewgraph 9 points out that the 7° to 20° range is
cnat span of sun angles for wnhich shadowing 1s expected
in the craters, but neilfther too 1little nor Too much, These
limits are thirteen cGegrees apartc winlcn is Just adeguate .
to assure that each landing site will be avallabnle at least
once each month.* Anofher Tactor is the elevation anzie of
the astronauts line-of-site to the landing point, which
“*  Since one times of lsunch Trom earth and arrival at the
moon are set Dy earvth-mocn geometry, vhe Utime of landing
can only e controlled To within about 24 nours which s
nearly ecuivaient to & 13° change in sun elevation angle
relferenced to The moon,. ’
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shouid be greater than Lhe sun elbvatiO' angle., The
linerof-site ang.e increases mornotanica 13 (slowly at
first) as the L} descends and exceeds 20° for ranges Lo
the landing point of about 5000 feet or less (see

Viewgraph 9).

Viewgraph 10 illustratcs how crater detection rangsa
varlies with sun elevation angle Tor two viewing angles
(14° and 38°) and also how visi 0¢1luj imoproves for viewing
scenes to the side rather than directly ahead (in the vertical
plane centaining the sun and the viewer). When combined with
The VICL¢HC angles expected during descent, this Tigure
suggests that sun elevation angles between 7° and 20° could
give reasonavly good viewing conditions.

U1

Viewgraph 11 shows the geometry for two simulations

of the astronauts v1cn*ug concltions prepared in the fTornm

of a moving o¢ct““p film. These sinmulations included the

IM descent Trom high gatie to a noint about L0 feert above

a simulated luner surface and showed the astronauts! vien
for sun elevation angles of 10° and 60°, The film indicated
a dramatlc aifference in viewing conditiogs witn the ability
L

o see craters very much impaired at the 60° sun angle.

It seems clear that the preferred lighting for LM
landing is a narrow sector of sun elevation angles near
the morning terminator. The lighting outside of %this
sector is considerably poorer and its adeﬁuacv 18 guestionavie
The 7° to 20° band of sun elevation ang es is therefore a
conservative lighting CO“SU;aLub, and naving vrenared for
relaxing the 1¢m¢ts WOulQ be relatively non-disruptive,

the Harch Launch Window

)

Duratvion o

Launch operations interests are currently encouraging
the longest possivle earth launch window. The Apollo
system has veen designed with the capability of about four
hours of launch window, however, the limits can pe changed
somewiat by trading off various Tactors,

Tne curation ol the eartvh launch window is a function
of The launch azlmuth limits, as well as the declination
ol ©ne moon, The 7 inmuth 1LM;L" in turn are a Iunction of
renge befety, Inserclon tracking relulrements and payload
(Viewzra-n 12), Zarth ordital tracking, ARIA coverage and
posT injectlon coveragze are also affected, Dut are not
consicGered constreining for small changes in aziauth linmics.
n 13 and 14) requirenents
m;;+mum walen Yranslavas Into &
avout 286°, The nominal 72° %
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103° azimuth sector has historically veen assuned as

the tounds of the Apollo "sector of interest" and for
this entire region one tracking ship could provide avoub
two minuves of tracking data.

The lauach window duration may be lescribed in terms
of provabilities assuming any day of launch is as likely
as another, Viewgradli 15 shows curves Tor fhiree cong*u¢ong
using data Tor Pacirfic injections oebween February an
August 1968, Curve number 3 is perivheral in that bLhe
Provavility of a daylignt launch is 1nc¢uded. This curve
would change drastically fTor Atlantic windows and is also
& strong function of tThe lunar 1andinﬁ siue location &as
well as the portion of the year wnich is ineluded in the
daca, Curves 1 and 2 are much less sensitive to the
factors affecting 3 and the theoretical provability
distrivbution curves are very much like the ones shown on
Viewgraph 15 for sampled data (Pacific injections, February

through August, 19968).

Mo PR R R
ine pay.ioad

Viewgrapnh 10 and

v launch window tradesofl is shown by
1
varabolically as th

s,
7. Traunslunar payload decreases
N

e launch azimuth deviates from due

east (90° azimuth At 72° or 108°, it is changing at &
rate or about 100 los per degree and of course tne rate
increases linearly with azimuth deviation {the rate is

linear with azimuth because the payload varies pavatolically).
Viewgrapn 17 shows this payload rate combined with data on
the time rate of change of launch window (which is a Tunciion
of lunar declination). The curve shown is for 72° zna

Paclfic windows, since 1T was Jjudged that range safety
considerations woulu mnore ILquy 1imit the 108° edge or

the launch sector. As a matter of record the same curve

applies Tfor the combination of 108° azimuth and Atlantic

windows, Tor Pacific windows and 108° launch azimuth or

Atlantic windows and 72° launch azimuth, the scale on %the
abscissa should be reversed. )

It was concluded that notning should be done to the
system hardware or soitware and that there are operacvioral
tradeoffs which could make available the enbtire L. 5-hour
launch wincdow, i our AS-501 experience were good and 1t then
seemed propey to do so,

(‘l‘

— N - .
=t
)

Selection of zartn Orbhit

The Apollo nerdware has -been dullt with The general
capaoility for injecting on any oI the Tirst three eartn
parking orvits Tollowing eartn orvbit insertion., The
nlanning has, Tor & long tine, includsd a real time alter-
nate invoiving transiuncr injectlon on the orvit Tollowin:
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the nominal selection, Thus, as indlcated on Viewgraph 18,
eitner the Tirst or second orbit could be Lie one selected
as The nominal while retalning the real time alternate.
based on the advantages indicated on the viewgradh, the
Second orpbit has been selected as pri~e for future planning.

Iy

Translunar injectlion on the first .bit provides very

little time Tor earth orbltal operations in some cases of
interest, Viewgrapn 19 supportis the point that the trans-
luner Injectvlon may occur less than one half orbit after
eartnh orvit insertion, and une efore, the tracking may be
linmited tc that which is provided by the insertion btracking
snio,

o

Shatus of the Tyoical Mission Data Packasge

ia

One of the outputs of the task force activities at <he
Novemper 22 review was emphasils of the point that typical
mission data were needed for exercising all aspects of She
Apolio sv,uex,inchdin“ those act1v1cjes normally referred
to as training. There are Utwo basic reasons for this

situation:

a) the training must be done for a family of
missions rather than a single specific mission.

e Y

D) the data for the speciiic mission Lo be flown
will not ve available until a very snort time
belore launch,

Viewgrapn 20 outlines Tthe status of tue
data ochaop, Not incicated is the Tact tnab
inciudes several misslons spanning a three-n

=
"’l

s

[aY]

e necycle and Reschedule (Viewqraph 21)

The items incluced in this section are concerned with
haraware and i1ts capebllity to accomnodate various delavs,
Viewgrapn 5 indicates that there are no identilied provlens
in holding for the duration of the launch window.

Minimum Recycecle Plan in Zvent of a Serud

Viewzrapn 22 indicates a recycleoplan requiring avout
42 nhours witnout any allowance for series revalr, This
contrescs with the 53-nour estimete whicn was current at
the Novemoar 22 meeting. The reduction in time has bpeen
achleved primarily in ©The launch venicle area. Batieries
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one p&ir of launech wincdows twenbty-Tour hoi "3 avart in

tne montnly launch window seguence, howev |, the advantages®
of thls are conjeciural at this point., T he work load
assoclated with mis~. 'n prevaration is the & lmit on the
number or launch wii. ws, then the extended rold provices

a varlation of, but .t an addition ¢ she launch window
sequence,

s [ aB Eh A e aem o a s o )
Summary {(of the Jenuary 24 Preserntation)

-

The summary covered two levels of informasion. The
Tirst was a briefl review ¢f the way in whien LM lignhving,
earth-mocn geometry and lunar landing s**e location{s) combine
to deternine the vattera of launch ogportunities, Tne second
was an overall review of {he task force effort,

The major cyclie in the vattern of lzunch opportunivies
follows the synodic month, As shown on Vie ewgrapn 24, there
are alternating periods during which lunar iz anaings COMLQ
and could not occur depending on the longitudinal spreac of
;&“Qlﬂg sites and Uhe width of the elevatio sSector wnicn
the sun may be within. In snge (sector) of
acceptevle sun elevavion angles increases the dur aCLOﬂ or
The perliod when landings could occur, wnile decreasi ng the
duravion of the period when landings.could no%t occur.

Eventually the period landings WOMLQ tecome too short
IR =)

0
to support the revesv a: e ctivi
ule a launcn from one month to the 011 wing montn,

i

Within the window set by lunar landing constraines,
there are discrete launch opporiunities which are determined
by ealfb moon geometry and elilcient trajectory desizn,

These laur ch opportunities are available only in a theoretical
sense until speciiic mission plann;ng 1s done to prepare ror
them, The amount of work wnich is involved in this ore-
pLannL“o i1s expected Vo ve a major Tactor in determining how
many launch windows we can "affort." The windows which mignhs
in a uypical cese have been selected Tor mission Dlanning
are inclcated on Viewgrepn 25, This selection is not

ary; 1T 1s eXJuCUpC that 1T will De based on available
comu*uatzbns of lunar landing site locaSions and T lignting
constraints, As indicated on Viewgrann 3, there are 1imits
and/or renzes established Tor the lengtin and spacing of

The launch windows,

*  So zs to make it.,

es necessary to resched-
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The data D”OVlGed oy Lunar Ortiv » alreads suggest
certein areas of the moon as telng mnc Drovavle Llancing
sites, On Viewgranh 20 the doss indi 2 promising areas
Tor which some orditer ¢ - exias, T, arzrows indicatbe
a subset of the Orbiter mission whi is well distributed
and for which there is 1 high resol ilon photogzrasny.
Thus, there exists info;Nk;ion from wiich a decislon can

entually ve made to land or not to 1auQ i.e., no Iurther
roiter missions are regulred to suppor decisions on tnese
sites. It can be seen that there are more possible sifte
selection options Jhich would support a bi-hour recycle
Than would support a 68-hour (3 day) recycle. In fact only
a very restricted set of sites could sujnport three launches
per month with mininum spacing ol &8 hours.

In verspective then, the planned sequence of launch
opportunities nas evolved ccensistent with the mission and
hardware constraints., Because constraints and nission
straueO¢es can e convolved in several ways, there is more
than one possiple launch seguence, nowever, it isg belleved

that the one being planned nas good basic characteritics.

J

The summary of all of the task Torce I;ndiﬂgs contalns
Two parts. The gross restrictions on the mission definition
for the Tirst luna* landing are shown on Viewgraon 27. The
Tirst lunar misslon, by reason of these major r stricitlions
and otner minor ones, 1s & subset of & i ns
that the Apollc sysfem is capadle of p
ol such restrictions the wmiszion dellin
and it 1s expected tnaev this will Taci ;
SVsTen responss To cnanscs in Launcn Gs nd/or ey
site, With The exception of The second item on oh 27,
all others are conlirmations ol previous progran cions.,
Injection on the second orbhit is a recent decision. 2Pacific
injection was brielliy in Thils 1ist, zut as was mentioned
earlier, the moon avdears inhosditadle in the nortnwest where
sites would be necessary to support this,

To accompiisn thne Tirst lunar mission there are certain
system capabilities wnich seem parcicularly important at
fhis »oint in time., Viewgraph 23 contzins Tour such items
a1l of which have no Q¢f80u cou“peﬂo . for eartn orbital
missions., AlL of these stem In soxme way Irom the dynanlic
nature ol the lunar la‘nc’ifmr nlssions and the existence of
Glscretve launch windows during which nmissions can he
conducted., Specific program activitles have been identified,
whilcn support the development of each of these capabilities.

o -
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No other ovportunities for adcdis:
definition are known to be pending and
capability ol the system appears adequa

7/
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